This paper proposes a method to evaluate the reliability of power system with different capacities of wind power while considering carbon tax. The proposed method is a hybrid approach which combines Frequency and Duration (F&D) method and Monte Carlo Simulation (MCS) method. MCS method is used to achieve a model to simulate the random status of power system. Also, the proposed method is applied on the IEEE 14-bus test system to investigate the effects of integrating different capacities of wind energy to the reliability of power system with considering carbon tax.
of wind energy helps to reduce the amount of CO 2 emission which leads to less expense of carbon tax.
The primary function of the power system is to provide electrical power to its customers as economically as possible with an acceptable degree of quality [2] . In other words, providing cheap electricity to consumers while keeping a certain level of reliability.
Reliability has always been and still is one of the most important factors when operating and maintaining a power system [8] . System reliability evaluation methods can be categorized into two groups, deterministic and probabilistic methods. Probabilistic methods are more widely used as it reflects the operating process of the power system Analytical methods can provide accurate results of power system reliability directly once given input data. The process can be very quick as long as the test system is simple. However, when it comes to large systems that contain lots of generating units and loads with various working status, the computation speed can slow down significantly, and the memory required to process and store data also increases considerably. MCS methods, on the other hand, represent the entire system with software modules and simulate the operating process of the power system while considering random behaviors of all participants. MCS method is based on repeating random sampling simulations to obtain results that as close to the real one as possible. Thus it can reflect the intermittent nature of wind power. This paper proposes a new method that combines MCS with F&D while taking carbon tax into consideration. And this method is tested using modified IEEE 14-bus system in MATPOWER [4] , a package developed within MATLAB.
Simulation Process
Loss of Load Expectation (LOLE) is one of the most widely used probabilistic methods in power system reliability analysis. It is defined as the average hours/days per year that load demand exceeds power supply. F&D method is an extension of LOLE as it also provides information about the expected frequency and duration of inadequacy. However, it cannot reflect the severeness of each encounter by showing the amount of power shortage. Loss of Energy Expectation measures the expected amount of electricity not to be met by generation in one year. Combining these two approaches together will give a more accurate method that provides all of the information. Nevertheless, the computation burden increases significantly when taking wind power into account due to the characteristics of wind energy. On the contrary, MCS method can be applied to simulate the random behaviors of the system without considering the generating unit's output nature [5] .
Test System
The test system used in this paper is modified based on the IEEE 14-bus test system as shown in Figure 1 . This test system contains five generators and 11 loads. The maximum power output is 772.4 MW and the total amount of electricity demand is 259 MW. And a wind farm is connected to bus 3. The system is tested mainly in two scenarios, with and without considering line constraints.
Wind Power Generation Model
Wind power employed in this paper is generated using Wei bull distribution function.
By setting the scale factor α to 7 and shape factor β to 2, wind speed can be produced as Figure 2 shows. And for the sake of simplicity, only partial wind speed data is presented in the illustration. Figure 3 illustrates the sorted wind speed which fits the Wei bull distribution roughly. Then wind power output can be calculated using Equation (1) . In this paper, cut-in speed is set to 4 m/s, rated speed is 10 m/s, cut-out speed is 25 m/s and rated power is 30 MW. And the price of wind energy is set to zero since it is considered as a must-taken source of energy. 
Case Analysis
A few cases are carried out to study the effect of wind power integration on power system while considering the cost of carbon tax. Assuming that [7] 6.89551 × 10 −4 metric tons of CO 2 is generated to produce one kWh electricity by burning coal. And the carbon tax is 0.028 dollar per kWh.
Without Considering Line Constraints
In this section, the system is tested when connected with 5% and 10% wind power without taking transmission line constraints into account. Figure 4 and Figure 5 shows Figure 4 . System operating cost,5% and 10% wind power, no constratints. Figure 5 . Carbon cost of the test system, 5% and 10% wind power, no constratints.
the system operating cost and carbon cost respectively. The black line indicates the base case without connecting to wind farms while the red and green broken line represents system connected to 30MW and 60 MW wind farm. Figure 4 and Figure 5 looks very similar to operating cost and carbon cost are both calculated based on the total power generation. Figure 4 shows that after connecting wind farm to bus, the operating cost is reduced significantly. And the system connected with 60 MW wind power has larger reduction than 30 MW. The maxim reduction of operating cost of 30 MW and 60 MW penetration level are 1178$/hr and 2316$/hr respectively. Figure 5 indicates that the system has larger wind power capacity tend to have less expense of carbon cost. However, in Figure 4 , there are some points that the operating costs are higher than before.
This happens when the wind output is low and cannot provide enough electric power to consumers and generators with much greater price have to be brought online. Table   1 showcases one extreme situation where the wind output is zero.
Considering Line Constraints
In this case, a 30 MW maxim limit is introduced to all of the transmission lines. The blue and red line indicate 5% and 10% wind power penetration level respectively. Figure 6 and Figure 7 have very similar look comparing to Figure 4 and Figure 5 . The operating cost is reduced and the system with higher wind power penetration level tend to have a larger price drop. As Table 2 shows, when transmission line limit is considered, system operating cost has smaller decrease comparing to it without taking constraint into account. This happens when wind farm has abundant output. After meeting the local demand, the extra electricity is prevented being distributed to other buses by Figure 6 . System operating cost connecting 5% and 10% wind power, considering constratints. 
